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Technology  does,  not  evolve  in  a  sterile  environment.  The  nature 
and  rate  of  technological  change  are  inexorably  bound  with  socio¬ 
economic  phenomena.  Technology,  when  introduced,  may  alter 
historic  social  and  economic  relationships.  At  present,  the 
precise  factors  which  induce  technological  innovation  are  not 
known.  Such  change  is  indicated  by  factors  which  measure  economic 
and  social  growth.  The  purpose  of  technology  assessment  is  to 

identify  and  measure  the  social  effects  of  innovation.  As  of  yet, 

•  .  % 

the  identification  has  been  more  successful  than  measurement  of 

effects.  It  is  difficult  to  measure  that  which  is  little  under¬ 
stood.  The  measurement  problem  exists  because  effects  are  often 
multifarious.  For  example,  it  is  clear  that  the  telephone  has 
yielded  major  social  change.  It  has  altered  the  conduct  of  personal 
and  business  communications.  It  has  brought  places  and  persons 
of  vast  geographical  distances  together.  Yet  one  cannot  fully 
grasp  or  measure  the  effects  of  the  telephone. 

It  seems  reasonable  that  the  retrospective  identification  and 
measurement  of  social  effects  due  to  technology  innovation  could 
be  accomplished,  as  the  events  that  induced  such  change  and  the 
attendant  results  are  locked  in  history.  Yet,  the  thought  of 
measuring  the  effects  of  the  telephone  are  bewildering. 
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Since  the  problems  of  measuring  the  effects  of  accepted  technology 
are  difficult,  the  problems  of  estimating  impacts  of  future 
technology  on  distant  socio-economic  settings  require  additional 
considerations.  As  the  future  is  not  locked  in  history,  variations 
of  future  social  settings  will  change  the  magnitude  and  timing  of 
effects.  Since  the  future  is  not  known,  it  is  reasonable  to 
posit  likely  scenarios  within  which  to  consider  the  impact  of 
technology.  A  brief  review  of  history  indicates  that  society 
does  not  follow  a  predictable  pattern.  However,  one  may  posit 
future  scenarios  as  bounds  for  which  there  seems  to  be  a 
reasonable  probability  of  occurance.  The  scenarios  presented 
in  this  section  are  such  bounds. 

The  purpose  of  this  section  is  to  present  three  reasonable  future 
societal  options  within  which  one  may  consider  the  impact  of 
aviation  communications  technology.  The  information  contained 
in  succeeding  sections  provides  only  the  glimpse  of  future  bounds 
necessary  for  the  conduct  of  the  study.  Speculation  for  specu¬ 
lation  sake  has  been  eliminated.  That  is,  the  scenarios  contain 
only  those  factors  found  necessary  to  examine  the  primary  impacts 
of  technology. 
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Scenario  Themes  and  Overviews 


The  following  three  themes  were  used  to  characterize  the  alternative 
future  scenarios:  "Balanced  Growth",  "Rapid  Growth",  and 
"Stagflation".  The  official  FAA  aviation  forecasts  extrapolate 
the  present  to  the  year  1992  on  the  basis  of  four  scenarios: 
"Baseline",  "High  Prosperity",  "Energy  Conservation",  and  "Slow 
Growth"(l).  The  socio-economic  assumptions  underlying  the  FAA' s 
scenarios  were  used  as  the  basis  for  the  construction  of  the 
scenarios  used  in  this  study.  The  alternative  scenarios  correspond 
to  the  FAA  scenarios  in  the  following  manner: 


TECHNOLOGY  FORECAST  SCENARIOS  FAA  SCENARIOS 


Balanced  Growth  -  Baseline 

Rapid  Growth  -  High  Prosperity 

Stagflation  -  Slow  Growth 


The  time  period  considered  in  the  present  study  is  1985  to  2020. 

The  historic  and  forecast  data  developed  in  the  FAA  document  have 
been  taken  as  fact  for  the  purposes  of  the  present  study.  Although 
a  plethora  of  variables  could  be  used  in  the  construction  of  the 
scenarios,  the  research  in  this  report  demonstrates  that  only  a 
select  few  variables,  also  used  in  the  FAA  forecast  need  be 
considered.  These  measures  included  the  following  three  economic 
variables,  gross  national  product  (GNP),  disposable  personal  income 
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(DPI)  and  civilian  employment.  Measures  of  aviation  activity  used 
in  this  study  include: 

•  aircraft  operations; 

•  size  and  composition  of  the  active  general  aviation  fleet; 

•  size  of  the  air  carrier  fleet; 

•  size  and  composition  of  the  cadre  of  pilots;  and, 

•  measures  of  FAA  air  traffic  control  measures;  e.g.  aircraft 
handled,  IFR  departures,  pilot  briefings,  etc. 

The  measures  estimated  for  the  three  scenarios  included  in  this 
report  are  consistent  with  those  included  in  the  recent  FAA  fore¬ 
cast. 

Examination  of  the  FAA  aviation  forecasts  indicates  that  the 
"Baseline"  scenario  forecast  shows  moderate  economic  growth  rates 
with  a  decline  in  unemployment  and  inflation.  The  "High  Prosperity" 
and  "Slow  Growth"  scenarios  werebased  on  modifications  of  the 
"Baseline "  forecast.  The  "High  Prosperity"  scenario  assumes  growth 
rates  and  related  economic  conditions  similar  to  those  experienced 
in  the  U.S.  between  1961  and  1966.  On  the  other  hand,  the  "Slow 
Growth"  scenario  assumes  growth  rates  and  related  conditions  similar 
to  those  that  prevailed  in  the  U.S.  between  1971  and  1975.  The 
socio-economic  phenomena  associated  with  the  FAA  scenarios  are 
expanded  in  time  to  develop  the  alternative  scenarios  detailed  in 
this  report C2). 
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Overview  of  Balanced  Growth  Scenario 


The  Balanced  Growth  Scenario  depicts  a  society  that  has  deliberately 
constrained  economic  and  technological  growth  in  order  to  allay 
negative  social  and  economic  impacts  derived  from  uncontrolled 
growth.  Contrary  to  the  past,  a  mutually  cooperative  relation¬ 
ship  exists  between  government  and  private  industry  allowing  for 
the  attainment  of  specific  social  goals.'  Government  intervention 
in  the  affairs  of  private  industry  is  of  a  twofold  nature.  Govern¬ 
ment  regulations  serve  to  establish  and  maintain  an  increasingly 
competitive  market  structure  in  all  industries.  Simultaneously, 
the  government  examines  industries'  compliance  with  regulations 
designed  to  promote  social  welfare.  The  latter  governmental  task 
is  executed  in  a  manner  that  places  minimal  restrictions  on  economic 
"-'.d  technological  development  and  growth  for  all  industries. 

Population  growth  continues  with  a  fertility  rate  equal  to  the 
replacement  level.  The  result  is  that  the  U.S.  slowly  approaches 
"zero  population  growth".  The  population  distribution  patterns 
for  this  scenario  exhibit  an  increasing  populace  in  small  cities, 
towns  and  rehabilitated  inner  cities. 

Overview  of  Rapid  Growth 

The  Rapid  Growth  scenario  portrays  a  society  where  technological 
change  is  the  driving  force  in  societal  transition.  National 
policy  reflects  the  attitudes  of  society,  as  the  government  takes 
minimal  steps  to  influence  the  rate  and  direction  of  technological 
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and  economic  change.  Government  intervention  in  private  industry 
is  limited  ter  enforcing  regulations  that  allow  for  maximum  compe¬ 
tition  and  efficiency  within  market  structures.  Therefore,  the 
development  of  new  technology  is  limited  only  by  market  forces. 

The  nation's  population  increases  as  the  fertility  rate  approaches 
post  World  War  II  levels  and  the  replacement  rate  remains  constant. 
Population  distribution  patterns  reveal  continual  suburban  develop¬ 
ment  in  the  Southwest,  Eastern  and  Great  Lake  Regions. 

Overview  of  Stagflation 

In  the  Stagflation  Scenario  social  goals  or  objectives  are  in 
conflict  with  the  nature  and  direction  of  technological  change. 

As  such,  technological  innovation  is  inhibited,  since  social 
objectives  include  the  minimization  of  the  untoward  effects  of 
technology  without  consideration  of  the  benefits. 

Attempts  to  formulate  and  implement  a  national  policy  for  control¬ 
led  economic  and  technological  growth  meet  with  uniform  opposition 
from  industrial  interest.  As  such,  the  relationship  between 
industry  and  government  deteriorates.  Government  programs  result 
in  gerrymander  regulations  and  laws  that  retard  economic  and 
technological  growth.  Industrial  productivity  decreases, 
unemployment  increases,  and  inflation  continues  to  diminish  the 
currency.  The  lack  of  social  progress  increases  social  pressures 
to  effect  changes  through  increased  government  activity.  One 
result  of  increased  government  activity  is  to  reverse  the  deregu- 
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lation  trend  initiated  in  the  1970 's.  Previously  regulated 
communications  industries  are  subject  to  new  regulation  in  the 
public  interest. 


Balanced  Growth  Scenario 

In  the  Balanced  Growth  Scenario  economic  and  technological  growth 
is  assumed  to  occur  at  a  slow  but  constant  rate.  Government  inter¬ 
vention  into  private  industry  affairs  serves  to  promote  highly 
competitive  market  structures  while  simultaneously  fostering 
social  welfare.  Inflation  and  unemployment  are  reduced  as  the 
general  level  of  affluence  rises  gradually  but  steadily. 

Balanced  Growth  Economy 

The  balance  -between  economic  and  technological  growth  and  social 
needs  results  in  modest  economic  growth.  Industrial  production 
increases  at  a  slow  but  constant  rate,  consistent  with  national 
policy.  Throughout  the  forecast  period,  GNP  rises  at  an  average 
annual  rate  of  2.8".  GNP  expressed  in  1972  dollars  doubles  in  a 
twenty-four  year  period  from  $1740  trillion  in  1985  to  $3480 
trillion  by  the  year  2009.  By  the  year  2020,  GNP  will  increase 
170%  over  the  1985  level  to  $4700  trillion.  Disposable  personal 
income  increases  at  an  average  annual  rate  of  3.01%  throughout 
the  forecast  period.  Expressed  in  1972  dollars,  disposable 
personal  income  doubles  in  the  first  twenty-four  year  period  of  the 
forecast  to  $2500  trillion.  By  the  year  2020,  disposable  personal 
income  will  increase  191%  from  $1250  trillion  in  1985  to  $3640 
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trillion.  Throughout  the  forecast  period,  civilian  employment 
experiences^.  steady  increase  at  an  average  annual  rate  of,  1.16%. 
From  1985  to  the  year  2020,  civilian  employment  increases  51% 
from  104.3  million  workers  to  158  million  workers.  Data  for  the 
period  1985  -  2020  for  each  economic  variable  are  presented  in 
Table  B-l. 

The  expected  values  for  the  economic  variables  will  have  a  signi- 
ficant  impact  upon  the  aviation  and  communication  industries. 

GNP ,  a  measure  of  industrial  production,  constantly  increases 
during  the  forecast  period.  The  rise  in  industrial  activity 
reveals  potential  for  an  increase  in  the  utilization  of  general 
aviation  transportation  by  private  industry.  Factors  increasing 
the  utilization  of  general  aviation  transportation  by  private 
industry  include  the  following: 

•  Cost  saving  advantage  for  some  travel  distances  and 
geographical  areas; 

•  Business  dispersions  and  centralized  management; 

•  Changing  air  route  structures;  and, 

•  Rapid  escalation  of  fuel  prices. 

GNP,  a  measure  of  the  level  of  investment,  indicates  that  capital 

will  be  available  during  the  forecast  period  for  the  development 

of  sophisticated  communciation  technology  required  to  control 

« 

the  increasing  levels  of  air  traffic. 

As  indicated  previously,  disposable  personal  income,  (a  measure 
of  consumer  purchasing  power)  and  civilian  employment  increase 

ACUMENICS 

8 


FORECASTED  BALANCED  GROWTH  ECONOMIC  VARIABLES  15*17  TUESDAY,  FEBRUARY  3,  1981 


•a- 


o  NNioioaainm<s<flNr>.io«»oeHiMrjiocain<a<aN«g>HiiMKiaind 

CO  HMHHHHHrtnMrtHMHHMNNNNNNMNMNNNNnKiniOnnKI 


a.  orgtMrjtvouiomoinoiriomooooooooooooooooooooo 
z  a«is>oeinNOMnNeMnNaM0Nisinai0NHOHNnain«M]0'o 
O  r^r>«0t0V(^oi>ir\jK)^-4-in<0r.r>wc>o^(Mi0^in.0r^<00‘O>iiMKi>rinr^ 
a  HHiiMH(MiMiMiMNn/iMNtsinifliMNi>iioai')nanKii>>io«#<a«4'a«' 


> 

O  iorsiifl»n«NNNM<)M>i’ooKi«oa’i«aiaK)HO>N«MeN<-oae 


0-  amNOO'HNaiftNaoiioifi^ioB'HKjinoaoiMa'inr.^ocjioaift^w 
E  eceooH^H-HrtNNNNNNNiortnioKtaaaaaainiftininininin 

A 


inaMOaoHNioaiftaMoaoHNi'iaiftaMoaolHNiOififtaMoao 

K  «<H)lOllJ!MMMK»»<M>C'ffOOOOOOOOaOHHrtn-HHHrtH(M 

>-  9‘<r>9>o>^<f>9>^9'9-a«0'^o>e>oeoooooooeaeoooeeeooo 
rtrXrtt1ilv«rt>1M<iM«4>l^iHfulvrg(M(M(Sir\l(VC4f\IN(M(\l(VN(V(MC\<C\>r\JCM 


A  HNKiaiA>iiMoaoHNK)ainoMoaortNKiain«MoaoHNnaifla 
A  MHHHHHIHHIIMMgNNNNNNNlOIOKinKIIOn 


9 


steadily  throughout  the  forecast  period.  The  increased  values 
of  these  economic  variables  implies  that  more  individuals  will 
become  involved  with  aviation  transportation.  This  phenomena 
will  occur  because  of  the  increasing  number  of  individuals  who 
will  be  able  to  afford  air  transporation  services. 

Aviation  Industry 

Throughout  the  forecast  period,  the  demand  for  air  transportation 

is  evidenced  in  the  size  and  composition  of  the  general  aviation 

fleet  mix.  The  total  number  of  aircraft  in  the  general  aviation 

fleet  increases  at  an  average  annual  rate  of  1.3%  throughout 

the  forecast  period.  Between  1985  and  the  year  2020,  the  general 

aviation  fleet  increases  by  62%  from  254,000  to  413,000  aircraft. 

Private  industry's  increased  demand  for  heavier  more  sophisticated 

• 

aircraft  accounts  for  the  slow  but  increasing  growth  of  multi- 
engine  aircraft  active  in  the  general  aviation  fleet.  Throughout 
the  forecast  period  the  number  of  multiengine  aircraft  in  the 
general  aviation  fleet  increase  at  an  average  annual  rate  of  1.6%. 
Between  1985  and  the  year  2020,  the  number  of  active  multiengine 
aircraft  in  the  general  aviation  fleet  increases  by  82%  from 
28,709  to  52,174  multiengine  aircraft.  The  increase  in  the  number 
of  single-engine  aircraft  active  in  the  general  aviation  fleet 
is  a  result  of  a  combination  of  industrial  and  public  demand  for 
air  transportation.  The  number  of  single-engine  aircraft,  used 
primarily  for  private  and  instructional  flying,  increases  at  an 
average  annual  rate  of  1.2%  throughout  the  forecast  period. 
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Between  1985  and  2020,  the  number  of  active  single-engine  aircraft 
in  the  general  aviation  fleet  rises  56%  from  202,481  to  315,264 
single-engine  aircraft.  The  numbers  and  types  of  aircraft  pro¬ 
jected  to  be  active  in  the  general  aviation  fleet  mix  is  shown 
in  Table  B-2  for  the  three  alternative  scenarios.  The  general 
aviation  fleet  mix  for  the  Balanced  Growth  Scenario  is  presented 
in  Figure  B-l. 

The  effects  of  the  projected  demand  levels  on  air  transportation 
is  reflected  also  in  FAA  workload  measures.  FAA  provides  the 
aviation  community  with  several  operational  services  including  the 
following  two  activities:  air  traffic  control  at  FAA  towered 
airports  and  traffic  surveillance  and  separation  at  Air  Route 
Traffic  Control  Centers.  The  need  for  FAA  operational  services 
will  increase  as  a  result  of  growth  in  aviation  activity.  Total 
aircraft  operations  at  FAA  towered  airports  are  projected  to 
increase  at  an  average  annual  rate  of  1.9%  throughout  the  forecast 
period.  Between  1985  and  2020,  total  aircraft  operations  at 
FAA  towered  airports  increase  101%  from  83  million  to  166  million 
aircraft  operations.  Itinerant  aircraft  operations  rise  at  an 
average  annual  rate  of  1.7%  throughout  the  forecast  period. 

Between  1985  and  the  year  2020,  itinerant  aircraft  operations  at 
FAA  towered  airports  increases  86%  from  55.9  million  operations  to 
104.3  million  oper;  jns.  The  increase  in  itinerant  operations 
reflects  both  the  Increases  in  utilization  of  general  aviation  by 
business  and  the  increase  in  demand  for  air  carrier  services  by 
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TABLE 


FIGURE 


Local  aircraft  operations  increases  at  an 


the  general  public, 
average  annual  rate  of  2.3%  throughout  the  forecast  period.  Between 
1985  and  the  year  2020,  local  aircraft  operations  performed  at  PAA 
towered  airports  increase  131%  from  27  million  to  62  million.  The 
increase  in  local  aircraft  operations  derives  from  an  increase  in 
pilot  instruction  which  will  in  turn  create  more  air  traffic  after 
students  become  licensed  pilots.  The  complete  tabulations  for  FA A, 

towered  airport  workload  measures  are  given  in  Table  B-3.  The 

measures  displayed  graphically  in  Figure  B-2  are  the  FAA  towered 
airport  workload  measures  for  the  Balanced  Growth  Scenario. 

The  growth  in  the  number  of  aircraft  handled  by  the  Air  Route 
Traffic  Control  Centers  increases  at  an  average  annual  rate  of 

1.7%  throughout  the  forecast  period.  From  1985  to  2020,  total 

IFR  aircraft  handled  by  Air  Route  Traffic  Centers  increases  88% 
from  36  million  to  68  million  aircraft.  The  increases  in 
operations  at  Air  Route  Traffic  Control  Centers  will  be  a  result 
of  increase  in  general  aviation  traffic  associated  with  increases 
in  pilot  capabilities  and  an  increased  use  of  larger  more 
sophisticated  aircraft.  The  complete  tabulations  of  enroute 
center  work  measures  are  given  in  Table  B-4.  The  enroute  work 
measures  for  the  Balanced.  Growth  Scenario  are  displayed  graphically 
in  Figure  B-3. 
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21! 28  SUNDAY,  DECEMBER  7,  1988 


Q.  ^KMflN^OHrtHO^OKJOiriOfO^NlOMAl^^^^NCJA^in^^lO^O'W 

O  «#A<MAO©m©»nA.*N«rACM^^»o«o^eMinA^4*,A**4<rAOA®CM*'Ar*o*®CM 


m  *AA^r'»AAA©®ooof-4P-4«-*CMfgMioiAio*'r«>'rininininA0APA0****.r* 
ftiN«siwwcv»(w(s<fgrtwwiOKirtrt^iortfOioiort»o»OK)ioiortKiioioiOKHOioin 


HioiAN»«0^fbN<f^«irtN»«MeN^PNttiAN^«^ors#N«inN^«io 
40  pMO«<6K)^^if)o4ioe4K)e4^oMoeM^eM^eN«ON^ON#ON# 
a.  minA»"4»o©®<M  ^r-.  ocMinAomA0A»-<<*«0©fM**,r*»ocMuf«BaMnAeA<->4'*AO® 
o  ®rN.in*'CMoAr^in»oc\i©A®inio*4®A®^CM»«<®h-©Ar<Mo©r'*iniACM®AAO 


at  A^fe^  AJ'OtO'fin*^  a  a®  o»4cgrM»n'*>iA  Af*r*>  a®o*4<mcmio*  AAr*r*»  a 


®tO*'*'fSjA6’O©AnJ~«inAOO~4fO’O®A0®OCMr**inA«O®^-'-4tO'nvniA*'9OfA«. 
I/)  lAN^^NOIO!flinN«N«^(V««Hir)eN>^»NN«fOlAN»«HNNlA^N 
O.  80^f<>«0Nl0HN«l0N9'9>Nrs^^NH«0OONO«9>l0Ha)^Ml0«0'«’l0H 
O  0®»0©AK>i-iAA*,»0»-«0©®©©®0©#*CMIOin40P*®P4m^ArA.O*©CVK>ll> 
^  ••••*  •••••••••••*••••**  ••••••'  ••••••• 

a  r^r%i0«0^o^^H<siK>^iA^^fN.«00korjK>irir>^r^«^ocM80^in^f^^o^c\j 
CMMCMCMCM’OfOfOrtfO’OfoiomfomiO'ff’'*  *<r  *<*>©  <r  <r  minimnininaftinAOAOA 


^^fSJlOpNO*ir»<NJtOh.^n^OlO*O^^N^rv^o«0^(MfSIK)NON»ON^O^ 

lil  eft  N*o(sjrji^K>c,n»oionrt^K»op<.nMOo«oinNo»n«a,fMrtNNfsfyi^^»oo 

a.  or^ok^«mr^^-AO»n^AtfT^^^»H^^^Hfvo#-<«»oininK>o»K»inin<rcM«K>fs.o 

h  o  NO>HK)4>ihinin<riOH9>«oK)e<oHNM<«iHtnioNi^iOHK)«iQoM^>inMoe 


If)  1-4  K)««fN«9»eN(UK)^^lA«O^N««^»OOOHHHNNNNK>fOtO(O^K)« 
</)  niAlOirtinin<«<iA^^^^O^OOO!0OO(,ANNNNMSNNNNr*>ll|ANNKN 
V 

40 

«o  ofyi«o^>^iAH7sn«o*tf>o«(Mrs.n9>inH^(M««roiAHNK)»«re^tM8QK)^n 

a.  Ne«MOsriOHOiON4«rK)HO«N«^fOHe^N«^K)»MO^N«^K)HO 

40  ©  I^M««^(MOl0OP0H^NirtK)H««^NO«iflK)N»Mn»0H«0O«NO«« 


i-4  i-4  h*.oCMin«o~*«*>'O^rMinr^o’OM>OA^4%*’r*>orom>o~4'rM>otfMm«oofO^0ACM*-n» 

o t  «Nrs.Nrsioioio4^^^ooooHH*H(M(NjN(MK)fOK)io^«<f  inmniAo«^ 

>• 


in  rw^K>o^4^ino«osf^>(MOM>9-r^«oeM<o^^rAOM>^o^tn-oin^K>^AOCM-Hintf*i 

<  Q.  W*4O0»fA.C,OlAM0»0<Mlft^OK)CVl0^NO^^inM*J'CM^OfSJ^CMON«-NN 

o  ^fsin(Njoio»o^ofsciNNK)^^^K)NHiANOM^in^^«^»ft^cyip«nw 

Z  H  . * . . . .  • 

*-*  mr^»*pH90>r^>«o-i>oinAO«a»^cMArinr^80c^^<MK)^-in«ofv8ooo^4CMCM»o^- 
«<  a  ininm««««^NNNNNNMOioip««ttio»»»^»9>»9!^eeeeee 


<  40  HOO^^^NHP^^H^^^lONC^C^OIO^inWC^OIftOMOMA^ir 

a.  M^nofsiAio^io^nHH^^HNMoniONHMo^inio^PHrtOwoNoo 


►4  40  OHOlffOC^OPd^snn^MO^OHfgrOlO^in^CNMOCC^^OOOOH 

04«0«04<0«0^0»^0«^0»9«0>OkOOOOOOOOOOOeOOOOHMH^N 


(O 


CO  ^<N»iTN^N^h.O‘W«tf,N^<M'trsO*M^N^W^NON^N^(M^f,A^(M!tN^ 
O  CS|«^0«0»lAHNK)^IA(M«^O^N«!tHNl0^inNNOeoN«^0«N 


>-  ^^OOMHHMNNKINIK)^  «ytnifin^»0^fSNN«l0^^^OOOHP4P4NCSJ 

40 


co  NNn»«rneNO^NoinN<-(n^^MiMOOAONiOM^(MMoen^^o9>40 

flu  HHK>N«tNNM«!«^M^^«40NnHin««MO«^NO^NOOO^«n« 

O  O!j>l0(SJN(VrvMrsNr^f<)«pK)««0«0rO«N«6O4>NOK)inrA.9>e^(g(MHO^N 


A  mAfA.oNnNO(^inrsoNnrNO<MnrvoNiANO*N»f»6«oKunr>.^^K)tf'»o 

0«o«^^^^eoeeM«4MF«(MMNMfOOfOOKi^!c^<nAirMnirtir>«o«o 


I-  #-A^i*-<»-«^tMCMfMCMCMCMCM(MfM(MK>rOK>K>90fOK>m»OrO»tf-^'<rA»'>J’Atf’%^^A»’A»,inin 


nor‘io^o^Nf0^io«ON«^OM(v^>J'iA^Nio^o^f\jro»tir»^MOO'OH 
OC  AAAAA^®©©©©©©0‘©©©©©©©©©©©~<*4^*4.-«^«^4,-l,-«^CMCM 
>-  ^^^^»o«9^^9^^^9«^oeeeoeeeoeeeeeee0eaeeo 

^^^^^^^•^A^P-4»-i-4#-i»-4»-<CM<MfM<MCM<MfMfMrg<MCMCM(MCMCM(MCMPslfNJ«MfM(M 


A  — <M9O'rm©rs.A^©*-4<MKi^in%or^A^©i-4«M»o«0>in^r^A©'©»-4CMK>^m©p^ 
©  ,-«  ^4  ^  ,-4  .-4  ^4 -4  fM  <M  CM  fM  CM  <SJ  CM  (M  CM  CM  K»  m  K>  K>  90  90  90  90 
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17*06  MONDAY,  DECEMBER  B,  1980 


ifl  0‘<Mio<TrvOJK»pg^ro^(rsinh»r.^f«.>or~osnsr«o-<csi<»‘®‘«0'-<'^«0'J‘»"«'0^»> 

a t  io<ooini<ii/ioff't\i^rt^^o»toioinKM,rtrtetfr.«CNinN?^oK>#ifufMOF< 

UJ  ta»Nf'i«<r<rNH««Nio^9"fnoNetfN»N^4neNi<iin«NW»eH 

>  i-«rgvririvor-«oi7'00— if\jcUKirovr^-imri,0x0>O'Or-r^f-f-.«0«0«,0<0«0««a'«^ 

</)  l».i^rvr'vi>«r»r«F-400000  0000  00  00  0000000000000000 


Of  iiMOff'ifirfr'rtairrtMO(MnMr'M<MfiHMOiMnHMOnfi«M<io>inHN 

ui  Hftitf  »n^  e>  ugnmNM  «  pining  0  »>  0  f*  »■  <i«M0  mr^e>  eNnins* 

>  «NeN#«^ininN»M«««eNtrN»HninikeM«««eMiANe>Hio 


of  NN««flw«»tf»>»»oeooHHrtHMNNNNnnioi*iM«««<r«’iniA 


m  r-»'0«,Mnmok'*’Cw*4>r>H<vom»<?,4rto<e<v0’HMi'><eo»^r«>i'>'6W*»4««) 
Of  iooisj«o0^’K>r^mr*.K>^0o>ror\iff»r>.<MiO0CM»-4'Cr'^^«»,»'>oiftr»rx.»f><M»o0 

ui  ieiii»«»««M*4«»»»»io««N»iffNttffnnoN«en«»NinN» 

»  IfflAtflO^Hni^in^NN^eHMKI^IAIAdNNMnO^eoHHHHNNNN 

o  •  •••••••••••••••••••••••••••*•••••••• 

m  r^NNKN«e«M«««««»»»»e>»»»o>»>«»«>»oooooeoeoo 


a. 

»^NHH<0»iff«r-«>CNC>NinNNi«4,«in»slftNHNnNIM«<ffiON«N 
UI  OCJKI^OrMOOO^OOKOIMH^IffHMOOIOO'HClffMfflff^ff'lffMn^O 

&  N«’oiffaoeHH»iAHinN»»«inNMN«»eHNi4eiO«iff»inH«Hino 

f-  ui  w(M<oo>(M00c\i«'p>e(M<«'00ecg«iAff«w0MisjK>«'inin0r«r«M»0ee^i 


<it  iff  ■ff«<r«tfiinin<ff«4Nr>NNNMnM4nion*>ff,^*>*>^*'^ff>^^^<9eo 

HHnHHHHHHHHrtrirtHHriMMHflHHHHriHpIHrfrtHHlNNN 

V 


f«iOeN«««eN«««eN«i,«0N«4NeN««itoN«<««iN«tf 
r-i<oirirooi^.>r— <o^jioor^mtM<y'^5iort«oinrMOr^<rH«mioor~<rr-<c7-^)r<)c3 
iff  a.  4iffiffiAiff««<rniffiimNNMM>iMMooo»o»»oiooiONNN«««4 
UI  4NOig<a4CMS«««NOI0<a«(VeO4  4NOMfflff'4»MAIffi><*'Mnn>4 
11  O  . . . . 

oe  N«»»aHNKiiff4in4NNa»eHiffNi'i*4ifl<aN«iO»OHMi\in4iA« 

in  i>nH(MiMniivni(M(MNiMMNNioiffiffn,ffni'iioiffi<mioiff<r4'i>'ir«4'«'4’ 


cMtfmniffMAiPAio^nMiM^NtfMNrtatfoiniglMrtN^NMin^rtiooig 

<  4MH40««lff0440ein(MrtNiOlA4««HlffNMf«M04l^«MO«N 

ft.  rs.  o  m  .o  o  m  r-4  »*  in  0n  <*-0 00  c.  in  cm  0*1  r»o  ~4<-io  0<?  »  m  0,44,4.0*- 00  0* 

Z  Ui  4eine4M4iMNNioioftiff«nftiffM(\iM4e#ftiinftNiiliOM«'Ne(g 

O  44.444444.44444.444444444444444.44444 

0  0  Flfflff««NN««F»00HrtNNniff««lfl<l«««NNN«««»»»00 

MrtMMlHiHHHINIMMVNAIIMNNNNNNIMNNNIMNniNNNIMlOKI 


0  H1««««MffMffN,4N«ftll|«MffMfflff«lNniff#4'NlfflffNMffNft 

O  lftlftrt»H»|l||i1ftO»lflOlflOIO#«tfMM^MninF#KllftlfllOrtMO»NN 
O  Z  Olff»FNOrt«HNONFIOin«IHN<«MffOF««lftlffF'f*KCIiniffll|H 
«t  «MnnM»«Noiino4H4o«ftiMin«ii«NMiniftivfteHiff#in«Nft 

H  X  . 

0  «in<MO«roeHNNKiiff«««ininin««««hNNNMOH«io«io«io 

0 


O  ft«44«iri4iftiAHftinH«inNIOIAIMMIffNNiniMftlAI\IMnNO>lAN»<«Nft 
Z  Hoiff44ioiffH<oin>iioiAiioinnioinHioiffHioinHioinM«inH«inHainH 
•*  H»ffMn«nMovN4innNrt»ioMff«iffHa»N«iffnNHFnMA«n 

X  . 

X  iff-»>e«oNtf^)ic<F'"'ffinr4»H(V'F»ioe>M'tof40'iiffinr-9'ON^oioe> 

4,^^1'TIA'A'fflfflff‘ff'0'0^'ff'ffNSMsM0l0l0l0l0l0ff'ff‘ff*<Fff'OOOOOH 

in 


H-Hr.^0»mi,V)Him,^0NJ|1J»l04!0^M>O<M'Jl,44N009‘rs0Mn 
O  MFiffeoMtfMnNertiff^MfftfFiffioFFf  Ffie^NHHFeM'iffHin 

Z  MgoiMnnNeMV4N«iffN»«fN««eNe«»«iri»o«<itMriH« 

0  0in0a<M^r000^(MFff«’ininmmin«’PO(M4i0r^<n0inM0m0<ro>if>0m 


0  0r»0omMin«’inn.«0oicjm^'iri'«r^000OF<tM«MK)iK-in000F*4f^0 
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Demand  on  Communication  Industry 

The  slow  but^steady  increases  observed  in  GNP  throughout  the 
forecast  period,  indicate  that  capital  will  be  available  for 
technological  development  in  the  communications  industry.  The 
net  effect  of  increases  in  the  demand  for  air  transportation  has 
special  significance  for  the  communications  industry.  Throughout 
the  forecast  period,  aircraft  operations  and  fleet  size  rise 
steadily  which  also  increases  the  amount  of  air  traffic.  In  order 
to  efficiently  handle  the  increased  air  traffic,  new  communications 
technology  will  have  to  be  developed  to  ensure  the  safety  of  the 
air  routes. 

Rapid  Growth  Scenario 

In  the  Rapid  Growth  Scenario  it  is  assumed  that  society  makes  no 
attempt  to  constrain  or  channel  economic  and  technological  growth. 
National  policy  encourages  economic  and  technological  growth  as 
the  government  acts  to  remove  or  reduce  all  barriers  to  such 
development. 

Rapid  Growth  Economy 

The  result  of  rapid  economic  and  technological  growth  is  reflected 
in  the  GNP  statistics  for  this  scenario.  Throughout  the  forecast 
period,  GNP  will  rise  at  an  average  annual  rate  of  4.2%.  Between 
1985  and  the  year  2020,  GNP  expressed  in  1972  dollars  increases 
342%  from  $1900  trillion  to  $8400  trillion.  The  average  annual  rate 
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of  increase  for  Disposable  Personal  Income  is  approximately  the 
same  as  the  *ate  of  growth  in  the  GNP  for  the  same  forecast  period. 
However,  Disposable  Personal  Income  (also  expressed  in  1972  dollars) 
increases  345%  from  1310  trillion  in  1985  to  $5830  trillion  in  the 
year  2020.  Civilian  Employment  rises  steadily  at  an  average  annual 
rate  of  1%  throughout  the  forecast  period.  Between  1985  and  the 
year  2020,  the  civilian  workforce  is  projected  to  increase  55% 
from  105.7  million  workers  to  163.9  million  workers.  The  values 
of  the  economic  variables  for  each  year  in  the  1985-2020  period 
are  included  in  Table  R-l. 

The  GNP  statistics  indicate  that  industrial  production  increases 
constantly  throughout  the  forecast  period.  An  increase  in 
industrial  activity  indicates  that  there  will  be  a  great  demand 
for  general  aviation  transportation.  The  GNP  measures  in  this 
forecast  also  indicate  that  substantial  levels  of  capital  will 
be  available  to  develop  technology  in  the  aviation  and  communica¬ 
tions  industry.  The  projected  annual  rate  of  increase  for 
disposable  personal  income  and  civilian  employment  suggest  that 
an  increasing  amount  of  individuals  will  have  available  the 
resources  necessary  to  utilize  air  transportation. 

Aviation  Industry 

The  size  and  composition  of  the  general  aviation  fleet  reflects 
society's  demand  for  air  transportation.  The  total  general 
aviation  fleet  rises  at  an  average  annual  rate  of  2.4%  through¬ 
out  the  forecast  period.  By  the  year  2020,  the  total  general 


20 


ACUMEN1CS 


IQ. 

<  iT»NorN.oot>o^c\iK><<ruri«or>oo<^'OrH<\irOsrinsor^.oo^‘o^fNJK>vrinsor^«<^o 

OC  Q£  «0(CC0c0(C^^0'ff>ff<ff*^<MM7.OOOOOOOOOOHHHHHHHHHHW 
>“  a*OC^Cr*akOC7'OC^OO<7'0va'CT'OOOOOOOOOOOOC»OOOOOOOO 

I  ft: 

|S  in 

FI  o  in  »«WK)>rin^fs«oO'OHfMfo>rinopK(o^owcsjK)NTin^Noo»oH(\j»o^^o 

I  UJ  ®  pH^^r^i-HFH^H»-M^4i-HCMCUfMfNJ04f\jrjfVjr\J<N<K>K)ro»OrorOK> 


I 

l 

I 

I 

l 

1 

21 

I 


TABLE 


aviation  fleet  rises  144%  from  264,975  aircraft  to  645,874 
aircraft.  Tl^roughout  the  forecast  period,  the  number  of  multi- 
engine  aircraft  active  in  the  general  aviation  fleet  increases 
at  an  average  annual  rate  of  2.9%.  Between  1985  and  the  year 
2020,  the  number  of  multiengine  aircraft  active  in  the  general 
aviation  fleet  increases  185%  from  298,456  aircraft  to  849,775 
aircraft.  The  increase  in  multiengine  aircraft  activity  is 
attributed  to  the  increasing  utilization  of  general  aviation  by 
private  industry.  Single-engine  aircraft  active  in  the  general 
aviation  fleet  rises  at  an  average  annual  rate  of  2.4%.  By  the 
year  2020,  active  single-engine  aircraft  in  the  general  aviation 
fleet  increase  137%  from  209,826  to  497,668  single-engine  aircraft. 
The  increase  in  the  utilization  of  single-engine  aircraft  reflects 
an  increase  in  instructional  and  recreational  flying.  The  general 
aviation  fleet  mix  for  the  Rapid  Growth  Scenario  is'  shown  graphi¬ 
cally  in  Figure  R-l.  (The  complete  tabulation  for  the  general 
aviation  fleet  is  shown  in  Table  B-2). 

As  noted  previously  in  the  Balanced  Growth  Scenario  presentation, 
an  increase  in  demand  for  air  transportation  results  in  an  increase 
of  FAA  operational  services.  In  the  Rapid  Growth  Scenario,  the 
increasing  demand  for  air  transportation  further  intensifies 
the  utilization  of  FAA  operational  services.  Total  aircraft 
operations  at  FAA  towered  airports  is  projected  to  increase  at  an 
average  annual  rate  of  2.3%  throughout  the  forecast  period. 
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FIGURE 


Between  1985  and  the  year  2020,  total  aircraft  operations  at 
airports  with  FAA  towers  are  forecast  to  increase  by  135%  from 
96  million  to  226.3  million  operations.  Itinerant  aircraft 
operations  at  FAA  towered  airports  rises  at  an  average  annual 
rate  of  2.5%.  Between  1985  and  the  year  2020,  itinerant  aircraft 
operations  at  FAA  towered  airports  increase  149%  from  96.249 
million  operations  to  226.299  million  aircraft  operations. 

The  increasing  utilization  of  general  aviation  services  by  industry 
and  the  increasing  demand  for  air  carrier  services  by  the  general 
public  will  account  for  the  increasing  itinerant  aircraft  operations 
at  FAA  towered  airports.  Throughout  the  forecast  period,  local 
aircraft  operations  at  FAA  towered  airports,  increases  at  an 
average  annual  rate  of  1.9%.  By  the  year  2020,  local  aircraft 
operations  will  increase  103%  beyond  the  1985  figure  of  28.9 
million  to  58.7  million  local  aircraft  operations.  The  steady 
increase  in  local  aircraft  operations  at  FAA  towerd  airports, 
implies  that  the  number  of  pilots  undergoing  flight  training 
will  increase  throughout  the  forecast  period.  The  complete 
tabulations  for  FAA  towered  workload  measures  are  given  in 
Table  B-3.  Displayed  graphically  in  Figure  R-2 ,  are  the  FAA 
towered  airport  workload  measures  for  the  Rapid  Growth  Scenario. 

The  growth  in  the  number  of  aircraft  handled  by  Air  Route  Traffic 
Control  Centers  reflects  increases  in  general  aviation  traffic 
associated  with  increases  in  pilots  capable  of  IFR  flights.  The 
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number  of  aircraft  handled  by  Air  Route  Traffic  Control  Centers 
increases  at^ an  average  annual  rate  of  2.6%.  Between  1985  and 
the  year  2020,* IFR  aircraft  handled  by  Air  Route  Traffic  Control 
Centers  increases  156%  from  43  million  to  110.3  million  aircraft. 

The  complete  tabulations  of  enroute  work  measures  are  given  in 
Table  B-3.  Displayed  graphically  in  Figure  R-3  are  the  enroute 
measures  for  this  scenario. 

Demand  in  Communications  Industry 

As  indicated  by  the  GNP  for  this  scenario,  capital  will  be  available 
for  technological  development  in  the  communications  industry.  All 
measures  of  aviation  activity  confirm  increases  in  air  traffic 
and  in  turn,  the  need  for  new  communications  technology  to  direct 
air  traffic. 

Stagflation  Scenario 

This  Stagflation  Scenario  is  built  upon  the  theme  of  acute  tension 
between  society  and  technology  in  the  U.S.  Government  policies 
designed  to  retard  technological  development  results  in  low 
economic  growth.  Poor  economic  conditions,  in  turn,  impedes 
further  technological  development. 

Stagflation  Economy 

Throughout  the  forecast  period,  GNP  and  Disposable  Personal  Income 
both  rise  at  an  average  annual  rate  of  1.5%.  Between  1985  and  the 
year  2020,  GNP  expressed  in  1972  dollars  increases  68%  from 
$1605.1  trillion  to  $2662.9  trillion.  In  the  forecast  period 
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from  1985  to  2020,  Disposable  Personal  Income  also  increases  68% 
from  $1114.6  trillion  to  $1876.8  trillion.  During  the  forecast 

m 

period,  Civilian  Employment  experiences  a  low  average  annual 
growth  rate  of  .48%.  Between  1985  and  the  year  2020,  Civilian 
Employment  increases  only  by  19%  from  103.7  million  workers  to 
123  million  workers.  The  tabulations  of  the  economic  variables 
are  given  in  Table  S-l. 

The  sluggish  economic  conditions  portrayed  by  the  variables 
depicted  above,  portend  grave  conseqences  for  the  aviation  and 
communications  industries.  The  slow  increases  in  GNP  imply 
low  business  activity  in  the  stagflation  economy.  Low  business 
activity,  in  turn,  suggest  a  decrease  in  general  aviation  trans¬ 
portation  demanded  by  private  industry.  The  minimal  increases  in 
GNP  also  imply  that  capital  will  not  be  available  to  advance 
technology  in  the  aviation  or  communications  industries.  Due  to 
society's  negative  attitude  towards  technological  development, 
economic  growth  increases  at  a  very  low  annual  rate.  The  reduced 
levels  of  employment  coupled  with  minimal  increases  in  Disposable 
Personal  Income  suggest  a  low  demand  for  air  transportation  by  the 
general  public. 

Aviation  Industry 

The  demand  for  general  aviation  transportation  decreases  as  a 
result  of  low  business  production.  Evidence  of  this  phenomena  is 
shown  in  the  projected  number  of  aircraft  active  in  the  general 
aviation  fleet.  The  total  number  aircraft  active  in  the  general 
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aviation  fleet  increases  at  an  average  annual  rate  of  .44% 
throughout  the  forecast  period.  Between  1985  and  2020,  the  total 
number  of  active  aircraft  in  the  general  aviation  fleet  only 
increases  18%  from  248,542  to  292,195  aircraft.  The  demand  for 
multiengine  aircraft  by  business  entities  accounts  for  most 
of  the  growth  of  active  aircraft  in  the  general  aviation  fleet. 

Throughout  the  forecast  period,  the  number  of  multiengine  air¬ 
craft  active  in  the  general  aviation  fleet  increases  at  an 
average  annual  rate  of  1.7%.  Between  1985  and  the  year  2020, 
the  number  of  multiengine  aircraft,  increases  86%  from  254,538 
to  472,770  aircraft.  The  number  of  single-engine  aircraft  active 
in  the  general  aviation  fleet  increases  at  an  average  annual 
rate  of  .4%.  By  the  year  2020,  the  number  of  single-engine  air¬ 
craft  active  in  the  general  aviation  fleet  increases  16%  from 
197,622  aircraft  to  229,459  aircraft.  The  decrease  in  the 
utilization  of  single-engine  aircraft  is  attributed  to  the  effects 
of  low  Civilian  Employment  levels  and  low  Disposable  Personal 
Income  levels.  As  the  consumer's  purchasing  power  decreases,  so 
will  the  demand  for  recreational  and  instructional  flying  performed 
in  single-engine  aircraft.  The  general  aviation  fleet  mix  for 
the  Stagflation  Scenario  is  shown  graphically  in  Figure  S-l. 

(The  complete  tabulation  for  the  general  aviation  fleet  is  shown 
in  Table  B-2) . 
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The  decrease  in  demand  for  air  transportation  is  reflected  in  FAA 
workload  measures.  Total  aircraft  operations  at  FAA  towered  air¬ 
ports  increase  at  an  average  annual  rate  of  .89%  throughout  the 
forecast  period.  By  the  year  2020,  total  aircraft  operations 
at  FAA  towered  airports  increase  39%  from  80  million  aircraft 
operations  in  1985  to  111  million  operations. 

Itinerant  aircraft  operations  at  FAA  towered  airports  increase  at 
an  average  annual  rate  of  .87%  throughout  the  forecast  period. 
Between  1985  and  the  year  2020,  itinerate  aircraft  operations 
at  FAA  towered  airports  increase  38%  from  53  million  operations 
to  74  million  operations.  The  general  public's  inability  to 
afford  aircarrier  services  because  of  the  low  level  of  Disposal 
Personal  Income  accounts  for  the  lew  annual  increase  in  itinerant 
aircraft  operations.  Another  factor  that  relates  to  the  low 
levels  of  itinerant  aircraft  operations  at  FAA  towered  airports, 
is  the  low  level  of  business  production  associated  with  a  stag¬ 
flation  economy.  Throughout  the  forecast  period,  local  aircraft 
operations  performed  at  FAA  towered  airports  increase  at  an  average 
rate  of  .93%.  By  the  year  2020,  local  aircraft  operations  at  FAA 
towered  airports  increase  by  41%  from  26  million  operations  in 
1985  to  37  million.  The  low  growth  of  local  aircraft  operations 
imply  that  fewer  pilots  will  be  trained  during  the  forecast  period. 
This  phenomena  further  suggest  a  decrease  in  air  traffic  due  to 
the  decreases  in  the  pilot  population.  The  complete  tabulations 
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FIGURE 


for  FAA  towered  airport  workload  measures  are  shown  in  Table  B-3. 

The  measure*  displayed  graphically  in  Figure  S-2  are  the  FAA  towered 
airport  workload  measures  for  the  Stagflation  Scenario. 

The  growth  rate  in  the  number  of  aircraft  handled  by  Air  Route 
Traffic  Control  Centers  increases  at  an  average  annual  rate  of  .91%. 
By  the  year  2020,  the  number  of  aircraft  handled  by  the  Air  Route 
Traffic  Control  Centers  increases  40%  from  34.9  million  air¬ 
craft  in  1985  to  48.8  million  aircraft.  The  increasingly  lcrw  levels 
of  operations  at  Air  Route  Traffic  Control  Centers  results  from 
decreases  in  general  aviation  traffic  and  the  pilot  population 
level.  The  complete  tabulations  of  enroute  center  work  measures 
are  given  in  Table  B-3.  The  enroute  measures  for  the  Stagflation 
Scenario  are  displayed  graphically  in  Figure  S-3. 

Demand  in  Communications  Industry 

The  reduced  demand  for  air  transportation  by  all  segments  of  society 
will  effect  the  aviation  industry's  demand  for  communication 
technology.  Throughout  the  forecast  period,  aircraft  operations, 
the  pilot  population  and  the  general  aviation  fleet  size  experience 
very  minimal  growth  trends,  thereby  reducing  the  need  for  advanced 
communication  technology  for  the  aviation  industry. 
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Pilot  Composition 


Stagflation  Scenario 

The  decrease  in  aviation  activity  due  to  the  levels  of  the 
economy  effects  the  slow  increase  in  pilot  populations.  Between 
1995  and  2020,  the  total  pilot  population  is  expected  to  increase 
at  an  average  annual  rate  of  1.3%  and  by  the  year  2020,  the  total 
pilot  population  will  increase  only  40%  from  1.01  million  pilots 
to  1.5  million  pilots.  The  low  levels  of  business  activity 
account  for  the  low  levels  of  increase  in  private  pilots  who 
pilot  general  aviation  aircraft.  Between  1995  and  2020,  the 
number  of  private  pilots  increases  at  an  average  annual  rate  of 
1.2%  and  by  the  year  2020,  the  number  of  private  pilots  will 
increase  37%  from  437,348  pilots  to  599,215  pilots.  The  number 
of  transport  pilots  increases  at  an  average  annual  rate  of  2.2% 
and  by  the  year  2020,  the  number  of  transport  pilots  will  increase 
77%  from  110,880  pilots  to  195,948  pilots.  The  student  pilot 
population  will  increase  at  an  average  annual  rate  of  .97%  and 
by  the  year  2020,  the  student  pilot  population  is  expected  to 
increase  only  29%  from  242,912  to  312,202  student  pilots.  Table  S-2 
displays  the  pilot  compositions  for  the  Stagflation  Scenario. 
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Balanced  Growth  Scenario 


The  constant.increases  in  the  size  of  the  general  aviation  fleet 
and  the  air  carrier  fleet  connotes  an  increase  in  the  pilot 
population.  Between  1995  and  2020,  the  total  pilot  population 
and  the  number  of  private  pilots  is  expected  to  increase  at  an 
average  annual  rate  of  1.5%.  By  the  year  2020,  the  total  pilot 
population  will  increase  49%  from  1.16  million  pilots  to  1.75 
million  pilots  and  the  number  of  private  pilots  will  increase 
46%  from  471,738  to  687,113  pilots.  The  increase  in  private 
pilots  is  associated  with  the  increase  in  the  size  of  the  general 
aviation  fleet.  The  increase  in  the  number  of  transportation 
pilots  reflects  the  increase  in  the  utilization  of  air  carrier 
service.  Between  1995  and  2020,  the  number  of  transport  pilots 
increases  at  an  average  annual  rate  of  2.5%  and  by  the  year  2020, 
the  number  of  transport  pilots  will  increase  88%  from  128,899 
pilots  to  246,512  pilots.  Between  1995  and  2020,  the  number  of 
student  pilots  increases  at  an  average  annual  rate  of  1.2%  and 
by  the  year  2020,  the  number  of  student  pilots  will  increase  35% 
from  256,187  pilots  to  349,847  pilots.  The  pilot  composition 
for  the  Balanced  Growth  Scenario  is  shown  in  Table  B-6. 
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Rapid  Growth  Scenario 

The  increase  in  aviational  activity  gives  rise  to  the  increase  in 
the  pilot  population.  The  total  pilot  population  increases  at 
an  average  annual  rate  of  2.1%  between  1995  and  2020  and  by  the 
year  2020,  the  total  pilot  population  will  increase  72%  from  1.48 
million  to  2.55  million  pilots.  The  number  of  private  pilots 
increases  at  an  average  annual  rate  of  2%  and  the  number  of  private 
pilots  is  expected  to  increase  67%  from  586,877  pilots  to  978,777 
pilots.  The  continuing  demand  for  air  carrier  service  is  reflected 
in  the  increase  of  transport  pilots.  The  number  of  transport 
pilots  increases  at  an  average  annual  rate  of  2.9%  and  by  the  year 
2020,  the  number  of  transport  pilots  will  increase  109%  from  189,194 
to  594,739  pilots.  The  number  of  student  pilots  increases  at  an 
average  annual  rate  of  1.7%  and  by  2020,  the  number  of  student 
pilots  is  expected  to  increase  55%  from  309,098  pilots  to  480,470 
student  pilots.  The  pilot  composition  for  the  Rapid  Growth  Scenario 
is  presented  in  Table  R-2. 
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Air  Carrier  Fleet 


Balanced  Growth.  Scenario 

An  increase  in  disposable  personal  income  and  civilian  employment 
suggest  that  more  of  the  public  will  become  involved  in  travelling. 
Between  1985  and  the  year  2020,  the  air  carrier  fleet  is  expected 
to  increase  concurrently  with  the  steady  growth  in  the  general 
economy.  The  air  carrier  fleet  increases  at  an  average  annual 
rate  of  1.1%  between  1995  and  2020  and  by  the  year  2020  the  air 
carrier  fleet  will  increase  34%  from  3338  aircraft  to  4488 
aircraft.  (See  Table  B-5  for  complete  tabulation  of  air  carrier 
fleet). 

Rapid  Growth  Scenario 

The  steady  increase  in  the  level  of  the  general  economy  places 
further  demands  on  air  carrier  service.  The  effects  of  this  demand 
is  evidenced  in  the  number  of  aircraft  that  comprise  the  air 
carrier  fleet.  Between  1995  and.  the  year  2020,  the  air  carrier 
fleet  increases  at  an  average  annual  rate  of  1.8%  and  by  the 
year  2020  the  air  carrier  fleet  will  increase  58%  from  4288 
aircraft  to  6759  aircraft.  (Refer  to  Table  B-5  for  tabulation 
of  air  carrier  fleet  for  this  scenario) . 

Stagflation  Scenario 

Between  1995  and  the  year  2020,  the  air  carrier  fleet  decreases 
at  an  average  annual  rate  of  .6%  and  by  the  year  2020  the  air 
carrier  fleet  will  decrease  13%  from  2381  aircraft  to  2063  aircraft 
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Factors  influencing  the  decrease  in  demand  for  air  carrier  service 
include  the  J.ow  levels  of  disposable  income  and  civilian  employment 
associated  with  a  Stagflation  economy.  The  economic  variables 
indicate  that  the  public's  desire  to  travel  will  be  curtailed 
because  of  inflationary  prices  and  the  low  levels  of  increase 
in  consumer  purchasing  power.  (Refer  to  Table  B-5  for  tabulations 
of  air  carrier  fleet). 
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Summary 

Each  scenario  in  this  report  has  been  constructed  in  an  internally 
consistent  manner  allowing  for  comparative  analysis.  In  each 
scenario,  society's  differing  attitudes  toward  technological 
development  are  reflected  in  the  economic  variables  projected 
for  each  scenario.  A  graph  for  each  economic  variable  is  shown 
in  Figures  C-l,  C-2,  and  C-3.  The  charts  depict  the  growth  trend 
corresponding  to  each  alternative  scenario.  The  same  information 
is  supplied  in  tabular  form  in  Tables  C-l,  C-2,  and  C-3.  The 
future  for  a  society  which  chooses  not  to  constrain  technological 
development  is  illustrated  in  the  growth  trends  represented  by 
the  Rapid  Growth  Scenario.  On  the  contrary,  national  policy 
which  dictates  the  rate  and  direction  of  economic  and  technological 
development,  results  in  an  economy  with  a  low  or  a  moderate 
growth  rate.  This  phenomena  is  illustrated  in  the  growth  trends 
represented  by  the  Balanced  Growth  Scenario  and  Stagflation 
Scenario. 

The  level  of  industrial  activity  in  each  scenario  directly  affects 
the  demand  for  general  aviation  transportation.  Graphs  of  the 
number  of  component  aircraft  types  that  comprise  the  general 
aviation  fleet  are  shown  in  Figures  C-4 ,  C-5 ,  and  C-6.  The 
growth  rates  in  the  utilization  of  the  aircraft  for  each  scenario 
are  also  depicted  in  the  figures.  The  rise  in  the  level  of 
industrial  activity  associated  with  the  Rapid  Growth  Scenario 
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FIGURE  11 
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FIGURE  15 


accounts  for  the  increased  utilization  of  the  general  aviation 
fleet  for  that  scenario.  As  a  result  of  the  low  levels  of 
industrial  activity  associated  with  the  Stagflation  Scenario,  the 
graphs  exhibit  a  low  growth  rate  for  the  utilization  of  the 
general  aviation  fleet  in  that  scenario. 

It  has  been  demonstrated  that  FAA  workload  measures  reflect  growth 
in  the  aviation  activity.  A  graph  for  each  aircraft  operation 
performed  by  the  FAA  at  the  FAA  towered  airports  is  shown  in 
Figures  C-7,  C-8 ,  C-9.  The  charts  depict  growth  trends  corresponding 
to  each  scenario.  As  indicated  previously,  the  demand  for  air 
transportation  by  industry  and  the  general  public  affect  the  level 
of  aircraft  operations  at  FAA  towered  airports.  Specifically, 
local  aircraft  operations  also  indicate  the  number  of  pilots 
undergoing  flight  instruction.  The  effects  of  a  rapidly  expanding 
economy  versus  a  moderate  and  low  growth  economy  is  reflected  in 
the  graph  for  each  type  of  aircraft  operations  at  FAA  towered 
aircraft  operation  airports. 

The  level  of  operations  at  Air  Route  Traffic  Control  Centers  is 
a  function  of  the  level  of  general  aviation  traffic,  the  type  of 
aircraft  in  the  general  aviation  fleet,  and  the  number  of  pilots 
capable  of  conducting  IFR  flights.  A  graph  for  each  enroute 
center  workload  measure  is  shown  in  Figures  C-10,  C-ll,  and  C-12. 

The  number  of  aircraft  operations  generated  by  each  scenario  are 
also  displayed  graphically.  An  increase  in  business  activity, 
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which  in  turn  creates  a  demand  for  more  general  aviation  trans¬ 
portation,  is  associated  with  the  Rapid  Growth  and  Balanced 
Growth  Scenarios.  The  increased  number  of  operations  at  Air 
Route  Traffic  Control  Centers  reflects  the  phenomena  associated 
with  the  scenarios  discussed  above.  As  illustrated  in  Figures 
C-10,  C-ll,  and  C-12,  the  curves  representing  the  Rapid  and 
Balanced  Growth  Scenario  assume  higher  values  in  comparison  to 
the  Stagflation  Scenario  Curve. 
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APPENDIX 
FORECAST  METHOD 

The  purpose  of  this  section  is  to  describe  the  method  employed 
to  forecast  levels  of  aviation  activity.  As  noted  in  previous 
sections,  the  purpose  of  this  project  is  to  estimate  the  nature 
and,  to  the  extent  possible,  the  magnitude  of  primary  effects 
emanating  from  the  introduction  of  new  aviation  communication 
technology . 

The  adoption  rate  of  new  technology  will  be  in  part  influenced 

by  the  activity  within  an  industry.  In  addition,  the  adoption  of 

» 

new  technology  may  influence  the  nature  and  magnitude  of  industrial 
activity.  As  such,  identification  and  estimation  of  future  values 
for  typical  industry  activity  measures  are  necessary  to  the  assess¬ 
ment  of  technological  effects. 

The  aviation  industry  measures  included  in  the  scenario  fore¬ 
cast  derive  from  FAA  Aviation  Forecast  Fiscal  Years  1981-1992.1 
In  particular,  parameters  that  describe  aggregate  activity  levels 
for  aircarriers  and  general  aviation  must  be  considered.  In  addi¬ 
tion,  measures  that  reflect  the  service  provided  to  the  industry 
by  the  FAA  must  also  be  included.  As  such,  the  measures  of  import 
for  this  study  included: 

^Office  of  Aviation  Policy  (AVA),  "FAA  Aviation  Forecasts 
Fiscal  Years  1981-1902",  U.S.  Department  of  Transportation, 

Federal  Aviation  Administration,  Washington,  D.C.  September  1980. 
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a)  total  operations 

b)  lo*ca_l  operations 

c)  itinerant  operations 

d)  general  aviation  fleet  size  and  composition 

e)  aircarrier  fleet  size  and  composition 

f)  FAA  workload  measures 

1)  aircraft  handles 

2)  IFR  departures 

3)  overs 

4)  flight  plans  filed 

5)  aircraft  contacts. 

In  addition  to  the  measures  identified  above  other  variables  of 
import  included; 

a)  controller,  flight  service,  and  maintenance 
personnel ; 

b)  FAA  investment  in  traffic  control  and  communications 
investment . 

The  relationship  of  each  of  the  preceding  factors  to  the  assess¬ 
ment  effort  will  be  described  in  succeeding  sections  of  the  text. 
The  purpose  of  this  section  is  to  describe  the  general  approach 
used  to  estimate  future  values  for  each  of  the  variables. 

The  present  effort  required  examination  of  the  technology 
induced  impacts  under  three  socio-economic  scenarios:  balanced 
growth,  rapid  growth  and  stagflation.  The  analytic  differences 
among  scenarios  are  measured  in  terms  of  economic  variables.  The 
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economic  variables  of  import  for  this  project  are  those  employed 
in  the  "FAA  Aviation  Forecast"  i.e.,  Disposable  Personal  Income 
(DPI),  Gross  National  Product  (GNP)  and  Employment  (Employ).2 
A  review  of  the  FAA  Forecast  indicated  the  official  estimates 
represented  the  balanced  growth  scenario.  The  upper  and  lower 
bound  FAA  estimates  were  deemed  equivalent  to  the  rapid  growth  and 
stagflation  scenarios.2  The  economic  variables  developed  used  in 
the  scenarios  are  shown  in  the  scenario  section  of  the  report. 

The  general  method  used  to  forecast  aviation  activity  and 
FAA  workload  measures  included: 


1) 

examine  the  official  FAA  forecast 

2) 

develop  linear  approximations  of 
workload  measures 

activity 

and 

3) 

develop  time  series  estimates  of 
workload  measures 

activity 

and 

4) 

forecast  aviation  and  workload  measures  based 
upon  time  series  estimates. 

The  official  forecast^  is  based  upon  numerous  analytic  models 
The  estimates  provided  by  the  analytic  models  are  reviewed  by 
appropriate  agency  personnel.  The  analytic  estimates  are  modified 
based  upon  the  expert  judgement  of  the  FAA  personnel.  As  such, 


2Ibid,  page  61. 

3 Ibid,  AVP,  pages  28-35. 
4 Ibid ,  AVP. 
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it  was  decided  that  forecast  for  this  project  would  derive  from 

m 

analog  models..  The  analog  models  employ  the  economic  assumptions 
embodied  in  the  FAA  forecast  as  well  as  the  official  FAA  estimates. 
The  use  of  such  analogs  allow  one  to  incorporate  the  expert  judgement 
of  agency  personnel  embodied  in  the  official  estimates.  See 
Table  1. 

Histograms  for  several  of  the  official  estimates  (e.g. 
operations,  pilots,  aircraft)  were  developed  by  the  project  team. 

A  review  of  the  histograms  indicated  that  on  surface  the  time 
series  relationships  were  linear.  However,  further  examination 
suggested  that  the  historic  data  as  well  as  the  latter  portion 
of  the  official  forecast  were  non-linear.  The  most  likely  analog 
form  for  forecasting  was  the  logistic  curve. 

An  illustration  of  the  difference  between  a  linear  and 
logistic  curve  approximation  is  shown  in  Figure  1.  The 
general  form  of  a  linear  approximation  is: 

Y  =  At  +  B 

where  Y  =  dependent  forecast  variable 
t  =  independent  time  variable 
A  =  slope  of  the  curve 
B  =  intercept 

The  logistic  curve  is  defined  as 

Y  =  A 

(1  +  e( B  +  Ct)} 
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where  Y  =  dependent  forecast  variable 

t“ =  independent  time  variable,  and 

A,  B,  C  are  empirically  determined  coefficients. 

As  indicated  in  Figure  1  the  linear  and  logistic  forms  may  be 
congruent  for  some  portion  of  the  forecast  period.  However,  the 
logistic  form  yields  more  conservative  estimates  than  the  linear 
form  for  extended  time  periods.  As  such,  the  logistic  function 
tends  to  conform  with  the  caution  imported  by  expert  judgement. 

As  noted  above  the  development  of  forecast  equations  was 
a  three  step  process.  The  first  step  was  the  development  of 
linear  approximations  for  aviation  activity  and  agency  workload 
measures.  In  as  much  as  the  differences  among  scenarios  are 
measured  in  terms  of  economic  variables,  the  initial  linear 
approximations  were  of  the  form 
aviation  activity  or 

workload  measure  =  function  (economic  variables) 

Linear  regression  equations  for  the  official  baseline  forecast 
data  were  developed  using  a  stepwise  regression  program.  The 
linear  approximations  were  obtained  for  the  appropriate  historic 
data  period  to  fiscal  1992.  The  relationships  developed  using  the 
stepwise  procedure  and  the  attendant  statistics  are  shown  in 
Tables  3-19.  Table  20  defines  the  terms  used  throughout  this 
section.  Based  upon  the  equations  developed  in  this  step  and 
the  scenario  economic  variables,  estimates  were  prepared  of  future 
aviation  activity  and  workload  measure.  That  is,  the  values  for 
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Illustration  of  Linear  and  Logistic  Forms 
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Figure  A-l 
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Table  A-l 


LINEAR  APPROXIMATIONS  OF  OFFICIAL  BASELINE  FORECAST  1970-1972 


Number  of  Aircraft 


TOTGA  =  -319.5067  +  5.5072  Employ 

(t)  (-17.94)  (31.49)  r2 


=  .984 


SEGA 

(t) 


MEGA 

(t) 


-226.2078  +  4.1067  Employ 

(-18.00)  (33.27)  r2 


-30.4632 

(-10.32) 


.5690  Employ 
(19.63)  r2 


Operations 


TOPS  =  -  7.4334 

(t)  (-2.57) 


.0549  GNP 
(28.79) 


R2  =  .975 


LOPS  =  5.4211  +  .0133  GNP 

(t)  (5.96)  (22.12) 


R~  =  .959 


ITOPS  =  -12.8037 

(t)  (-6.06) 


.0416  GNP 
(29.85) 


R2  =  .977 


FAA  Air  Route  Traffic  Control  Centers 


TAIRHAND 

(t) 

TOVERS 


IFRDEP 


-10.3391 

(-8.12) 

-  3.8307 
(-9.30) 

-  5.0314 
(-9.41) 


.0283  GNP 
(33.64)  R2 

.1072  Employ 
(25.43)  R2 

.0171  DPI 
(33.56)  R2 


=  .968 
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Table  A-l 
(Continued) 


D.  Flight  Service  Station  (FSS) 

PLTBRF  =  -10 . 1438  +  .0297  DPI 

(t)  (-15.42)  (47.56)  r2 


TOTFSS  =  -25.3077 

(-11.75) 


TOTFLTPL  =  -17.0895 

(-14.93) 


Pilots 

TOTPLT 

68.0713 

(t) 

(3.24) 

PRIVPLT  » 

64.3252 

(t) 

(6.80) 

TRANPLT  = 

-85.2893 

(t) 

(-16.05) 

+  .0660  GNP 

(46.41)  R2  = 

+  .2879  Employ 

(24.60)  r2  = 


+  .7568  DPI 

(40.06)  R2  = 

+  .1951  GNP 

(32.96)  R2  . 

+  .1024  GNP 

(30.84)  R?  = 


STUPLT  =  82.4102  +  .1203  DPI 

(t)  (10.80)  (17.51) 


.991 

.990 

.966 

.990 

.985 

.983 


R2  =  .950 


Table  A- 2 

LIST  OF  FORECAST  EQUATIONS 


NAME 


Total  Operations 


Local  Operations 

Itinerant  Operations 

Total  Active  GA  Aircraft 

Single  Engine  GA  Aircraft 

Multiple  Engine  GA  Aircraft 

Enroute  Aircraft  Handles 

IFR  Departures 

Total  Overs 

Flight  Services 

Flight  Plans  Filed 

Pilot  Briefing 

Total  Pilots 

Student  Pilots 

Transport  Pilot 

Private  Pilot 

Linear  Approximations  1970-1992 


Number  of  Aircraft 
Operations 

FAA  Air  Route  Traffic  Control  Centers 

Flight  Service  Station 

Pilots 

Controller  Staff in 


Center  Cbntrollers 
Terminal 
Total  Aircraft 
Employment 


Note:  BG  -  Balanced  Growth 
RG  =  Rapid  Growth 
SF  =  Stagflation 


BG 

RG 

Logistic 

UN 

UN 

UN 

logistic 

UN 

logistic 

logistic 

logistic 

logistic 

logistic 

logistic 

logistic 

logistic 

logistic 

LIN 

logistic 

UN 

LIN 

UN 

UN 

UN 

logistic 

LIN 

UN 

UN 

UN 

LIN 

LIN 

UN 

LIN 

LIN 

LIN 

UN 

UN 

UN 

LIN 

LIN 

LIN 

UN 

LIN 

UN 

UN 

LIN 

LIN 

UN 

UN 

UN 

Logistic 

SF 


Logistic 

UN 

logistic 

logistic 

logistic 

UN 

UN 

logistic 

logistic 


the  economic  variables  for  the  stagflation  and  rapid  growth  scenarios 
were  substituted  in  the  equations  to  calculate  appropriate  values 
for  activity  and  workload  measures  under  each  social  scheme.  The 
forecast  for  aviation  activity  and  workload  measures  for  each 
scenario  is  presented  in  Volume  2. 

In  summary,  the  effort  under  this  step  provided  estimates 
of  aviation  activity  and  workload  fiscal  measures  for  each  scenario 
for  the  period  1981  to  1992.  The  estimates  of  independent  variables 
obtained  in  the  preceding  element  were  used  to  develop  the  long 
range  time  series  forecast  equations  for  each  scenario.  It  was 
assumed  initially  that  all  long  range  forecast  equations  would  be 
logistic  in  form.  Time  series  logistic  equations  were  developed 
for  aviation  activity  measures  under  each  scenario  using  a  non¬ 
linear  regression  program. 5  in  the  event  a  logistic  form  could 
not  be  developed  for  a  specific  variable,  linear  time  series  were 
constructed. 

The  variables  forecast  and  attendant  form  of  the  equation 
are  shown  in  Table  2.  The  specific  forecast  equations  for  each 
variable  under  each  scenario,  as  well  as  the  appropriate  forms  of 
the  equations,  and  the  statistics  are  shown  in  Tables  3  to  18.  The 
equations  for  controller  staffing  are  shown  in  Table  19. 

^SAS/ETS  User’s  Guide,  Economitric  and  Time  Series  Library, 

1930  Edition.  ( SAS  Institute,  Inc.  Box  3000,  Cary,  North 
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ACUMENICS 


STAGFLATION  115.085  .2268  -  .0704  10.31  1.49  -5.73  .978 


LOCAL  OPERATIONS 


STAGFLATION  19.8663  .4371  69.73  19.71  .948 


SNOIiLVHHdO  J/JVH3NIJLI 


L  3 


STAGFLATION  75.500  .344860  -.0830935  14.08  3.41  -7.56  .983 


STAGFLATION  292.358  -0.1376  -0.1598  82.64  -5.83  -19.81 
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STAGFLATION  229.578  -.228004  -0.159498  85.90  -9.51  -19.13 


STAGFLATION  49.8075  0.4213  -.0847  13.22  4.06  -7.46 


STAGFLATION  8.9972  0.0016  -0.0912  12.29  .01  -4.46  .9432 


FLIGHT  SERVICES 


A- 20 


STAGFLATION  5.992  .4010  36.62  31.49  .9792 


STUDENT  PILOT 


o  co  > 


Table  A-19 


CONTROLLER  STAFFING  EQUATIONS 


A.  Center  Controllers 


(1) 

CENT  = 
Ct) 

-5215.64  + 

(-7.09) 

6 . 3305TAC 
(24.43) 

r2  = 

.973 

(2) 

TERM  = 
(t) 

5204.604  + 

(6.67) 

34.790  TOTGA 
(8.19) 

r2  = 

.9437 

B.  Total  Air  Carrier  Aircraft 


TAC  =  1216.9761  +  1.4659  DPI 

(t)  (14.05)  (18.80)  R2  =  .957 


C.  Employment 

Employ  =  _ A _  R2  =  .9944 

[1  +  e(B  +  Ct)] 


=  . 140.17  (t  =  23.00) 

=  -.204435  (t  =  -2.32) 

=  -.0580251  (t  =  -9.78) 
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Table  A- 20 


DEFINITION  OF  TERMS 


TERM 

DEFINITION 

EMPLOY 

Employment 

TOTGA 

Active  total  general  aircraft 

SEGA 

Single  engine  general  aircraft 

MEGA 

Multiple  engine  general  aircraft 

TOPS 

*  Total  operations 

LOPS 

Local  operations 

I  TOPS 

Itinerant  operations 

GNP 

Gross  National  Product 

DPI 

Disposable  Personal  Income 

TAIRHAND 

TOVERS 

IFRDEP 

Total  enroute  air  handles 

Total  overs 

IFR  departures 

s 

Pilot  briefing 

PLTBRF 

TOTFSS 

Flight  services 

TOTFLTPL 

Flight  plans  filed 

TOTPLT 

Total  pilots 

PRIUPLT 

Private  pilots 

TRANPLT 

Transport  pilots 

STUPLT 

Student  pilots 

CENT 

Center  staff 

TAC 

Tactical  Air  Command 

TERM 

Terminal  staff 

FSS 

Flight  service  center 

